have demonstrated that the effects of MDA-LDL immunization are associated with increased titers of the IgM-antibody isotype. However, future studies will need to determine the relative contribution of T15/ EO6 IgMs to the reduction in atherosclerosis versus that of other IgMs that are formed during MDA-LDL immunization. Finally, it will be important to determine whether the T15/EO6-mediated inhibition of OxLDL uptake by macrophages observed in cultured cells is the mechanism responsible for the reduced atherosclerotic lesion size.
Overall, these studies have mapped out an interesting and novel pathway linking the adaptive and natural arms of the immune system (14) . These findings also highlight a practical issue that needs to be considered for future therapeutic strategies. Specifically, antagonists of IL-5 are being developed for asthma therapy. The studies of Binder et al. indicate that it will be important to determine the ramifications of such a therapy on vascular disease. 
Pulmonary fibrosis is a devastating condition that leads to progressive lung destruction and scarring. Previous mechanistic research has focused on the local fibroproliferative process in the lung. However, emerging evidence suggests that circulating cells of hematopoietic origin play a crucial role in the pathogenesis of this disease (see the related article beginning on page 438).
Nonstandard abbreviations used: CXC chemokine ligand 12 (CXCL12); idiopathic interstitial pneumonia (IIP); idiopathic pulmonary fibrosis (IPF). Figure 1) (1).
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The key to understanding the complex pathogenesis of IIP may lie in the answers to two very simple questions: why is this condition isolated to the lung, and do factors outside of the lung affect the pathogenesis of this disease?
Circulating fibrocytes and pulmonary fibrosis
In this issue of the JCI, Phillips and colleagues (2) endeavor to answer these questions by identifying the circulating fibrocyte and chemokine gradients critical to the fibroproliferative process in a murine model of bleomycin-induced pulmonary fibrosis. Fibrocytes are a unique population of circulating cells of hematopoietic origin that produce ECM proteins (e.g., fibroblast-like collagen and vimentin and myofibroblast-like α-smooth muscle actin) and differentiate into myofibroblasts (3). These cells are characterized by specific cell surface markers (CD34, CD11b, CD18, CD45, and HLA-DR) and the expression of several chemokine receptors (CCR3, CCR5, CCR7, and CXCR4) (3). Fibrocytes have been identified in the expanding margins of wounds (4), scleroderma skin biopsies (5) , and bronchial walls in asthmatics (6) . In a series of elegant experiments, Phillips et al. have discovered that the fibrocyte also plays an important role in the development of pulmonary fibrosis following bleomycin-induced injury in mice. Their findings demonstrate that: (a) human fibrocytes chemotax to the mouse lung in response to CXC chemokine ligand 12 (CXCL12); (b) human fibrocytes localize to the lung following bleomycin-induced lung injury in mice; and (c) systemic administration of anti-CXCL12 antibody reduces the accumulation of lung fibrocytes and collagen as well as, according to histologic evidence, pulmonary fibrosis following administration of bleomycin to mice. Importantly, the investigators also demonstrate that bleomycin administration causes proliferation of bone marrow fibrocytes, which suggests that this pool is the likely source of fibrocytes that eventually aggregate in the lung.
While Phillips and colleagues are believed to be the first to find that systemic circulating fibrocytes are involved in the pathogenesis of lung fibrosis and that CXCL12 (or possibly CXCR4 ligands in general) play an important role in the trafficking of these cells to the lung (2), others have recently found that bone marrow-derived cells also appear to be critical to the fibroproliferative response in the lung (7) . Together, these investigative groups provide evidence to support novel mechanisms underlying the pathogenesis of pulmonary fibrosis.
Implications for pulmonary fibrosis
If indeed circulating multipotent cells respond to the fundamental pathogenic signals of lung injury by actively migrating to the primary wound, and if these hematopoietic cells play a role in the fibroproliferative response that ultimately leads to pulmonary fibrosis, then the primary injurious events that contribute to the homing signals in the lung, the source of these cells, and the factors that facilitate the proliferation of these cells need to be carefully considered. In fact, the fibroproliferative and inflammatory processes in the lung may be too far downstream from the primary events to substantially contribute to the pathophysiological basis of pulmonary fibrosis. The more proximal events (microscopic lung injury, homing signals, and factors that induce the proliferation of multipotent hematopoietic cells) may provide critical clues to understanding this biologically complex process.
There are many potential stimuli that injure the lung and set the stage for the development of IIP. As approximately 11,000 liters of air move through the lung each day, one can argue that all of us, by virtue of living in a world with dusts, smoke, and aerosolized toxins and microorganisms, experience recurrent episodes of lung injury that require repair and regeneration of normal lung tissue. Epidemiological evidence suggests that such exposure contributes to the development of pulmonary fibrosis: IPF occurs more frequently in males (8) , cigarette smokers (9) , and individuals that experience occupational exposure to metal or wood dust (10) . Moreover, occupational exposure to asbestos can cause pulmonary fibrosis that is indistinguishable from IPF, and cytotoxic drugs and autoimmune conditions (e.g., collagen vascular diseases and inflammatory bowel diseases) can lead to other forms of IIP (11) . In aggregate, the findings of Phillips et al. suggest that both exogenous and endogenous factors can provide the primary stimuli that lead to lung injury and focus the reparative process in the lung.
While structural lung cells could facilitate this repair, terminal differentiation of these Table 1 IIPs and their relative frequency
Type of IIP Frequency
Idiopathic pulmonary fibrosis 55% Nonspecific interstitial pneumonia 25% Acute interstitial pneumonia <1% Cryptogenic organizing pneumonia 3% Respiratory bronchiolitis-interstitial lung disease and 15% desquamative interstitial pneumonia Lymphocytic interstitial pneumonia <1%
The information in this table is derived from refs. 11 and 19.
Figure 1
Proposed mechanism for the pathogenesis of pulmonary fibrosis. The lung is naturally exposed to repetitive injury from a variety of exogenous and endogenous stimuli. Several local and systemic factors (e.g., fibroblasts, circulating fibrocytes, chemokines, growth factors, and clotting factors) contribute to tissue healing and functional recovery. Dysregulation of this intricate network through genetic predisposition, autoimmune conditions, or superimposed diseases can lead to aberrant wound healing with the result of pulmonary fibrosis. Alternatively, excessive injury to the lung may overwhelm even intact reparative mechanisms and lead to pulmonary fibrosis. The figure was adapted with permission from the New England Journal of Medicine (1).
cells may limit their plasticity. Teleologically, it makes much more sense that circulating cells and even bone marrow-derived multipotent cells are the fundamental biological elements called upon to rejuvenate the injured lung. Although Phillips and colleagues (2) have highlighted the importance of the circulating fibrocyte and the chemokine activity of CXCL12, there are undoubtedly other cells and molecules that induce the fibrotic response in the lung and ultimately lead to progressive tissue destruction and abnormal gas exchange. In fact, Phillips and his colleagues have shown that, even after treatment with neutralizing CXCL12 antibody, bleomycin can cause lung fibrosis and fibrocyte recruitment (2) , which indicates that additional mechanisms are surely involved in the development of pulmonary fibrosis. But then why do only some individuals go on to develop pulmonary fibrosis? From a simplistic perspective, one could reason that pulmonary fibrosis develops as a result of excessive lung injury, insufficient repair mechanisms, or a combination of these two events. While we know that excessive lung injury can result in pulmonary fibrosis (e.g., asbestosis), considerable variability in the extent of pulmonary fibrosis exists even among those individuals exposed to similar concentrations of this fibrogenic agent (12) . In fact, the genetic background underlying the propensity for fibrosis can hardly be overlooked: pulmonary fibrosis clusters in families (13) and occurs in pleiotropic genetic disorders (14) , and inbred strains of mice demonstrate variable susceptibility to fibrogenic agents (15) (16) (17) . Some hosts, perhaps by virtue of defective repair mechanisms, simply are unable to deal with a fibrogenic insult.
The work of Phillips and colleagues (2) raises several important unanswered questions about the mechanisms and regulation of fibrocyte migration to the lung and the role of these cells in pulmonary fibrosis. Specifically, what is the circulating signal(s) from the injured lung that reaches the bone marrow to stimulate recruitment? Once fibrocytes migrate to the lung, what is their fate? Do the fibrocytes persist indefinitely, migrate out of the lung, or undergo apoptosis? Are the fibrocytes proliferating or quiescent, and what regulates this process? What are the characteristics of the differentiated phenotype of the fibrocyte in the lung? How do the findings from this murine model of lung injury apply to interstitial lung disease in humans?
One of the more exciting aspects of this new pathophysiologic paradigm is the potential impact of bone marrow-derived cells on the development of novel therapeutic approaches for the treatment of pulmonary fibrosis. Investigators in this field are desperately seeking alternative therapeutic targets to slow the progression of pulmonary fibrosis and improve the outcome for patients with this illness (18) . Currently, we recognize both the need to intervene early in the natural history of IPF and for novel therapeutic targets to act on proximal events in the fibroproliferative response. We are very hopeful that the recent work presented in the JCI (2, 7) will lead to a more comprehensive understanding that ultimately improves the therapeutic options for patients with these progressive and often lethal conditions.
